
SHMS Tracking
Choice and Design of Tracking System must be matched to 

physics requirements and practical considerations.

Allowable material (MCS)

Co$t

Re-use of existing?

Size / Coverage

Resolution

Rate

Multiple tracks??

dE/dx - Particle ID??



Performance Requirements

1-2 mradAngle

0.2%Momentum

PhysicsResolution

+−10% and 84x28 mrad2Active Area

< ~ 1% X0Material

??Max Rate



Focal Plane Optics



Focal Plane Optics

Momentum Resolution is determined by how well we can 
project track onto focal plane.

Unrealistic to put detector in the focal plane

too long and not flat

small angle means track sees lots of material



Focal Plane Optics

Instead, make precise measurements in practical detectors 

roughly perpendicular to tracks, so they are thin

with adequate precision for projection to FP

with adequate extension to provide angular resolution

From measurements, get track vector at convenient optical 
plane

two space points OR two track segments ⇒ track vector

Then, get physics quantities at the target

apply inverse transport matrix



Focal Plane Optics

Physics = R-1 [Measurement]
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Performance Parameters

Thin!

100 kHz/cm wide stripe

25x50 cm2 (horiz. x vert.)

800 microns over 80 cm

~100 microns combined

Detector

1-2 mradAngle

0.2%Momentum

PhysicsResolution

+−10% and 84x28 mrad2Active Area

< ~ 1% X0Material

??Max Rate



Detector Options

Parameter Resolution Rate Material Lifetime Notes
(microns) /s·cm2 x/X0 years

Requirement 100 100 kHz < 1% 10

SOS  Drift Ch. 100 1 MHz/wire 0.20% ok 2x6 planes, ⊥ to central ray

Silicon Strips 20 1MHz/strp 1.80% ?? 2x2 planes (x,y)
CSC <100 ~5% ok 2x double plane
GEM <100 105 ~5% ??
SciFi 500 1MHz/fiber 2.50% ok? 2x2 planes+1 in FP  (no!)



Importance of MCS to Resolution

Look at impact of adding just 1cm PVT scintillator upstream

Certainly at low momentum, resolution is dominated by 
Multiple Coulomb Scattering. (1cm PVT = 2.4% X0)



Detector Options

Parameter Resolution Rate Material Lifetime Notes
(microns) /s·cm2 x/X0 years

Requirement 100 100 kHz < 1% 10

SOS  Drift Ch. 100 1 MHz/wire 0.20% ok 2x6 planes, ⊥ to central ray

Silicon Strips 20 1MHz/strp 1.80% ?? 2x2 planes (x,y)
CSC <100 ~5% ok 2x double plane
GEM <100 105 ~5% ??
SciFi 500 1MHz/fiber 2.50% ok? 2x2 planes+1 in FP  (no!)



SOS Chamber Anode Plane



SOS Chamber Stack



Cost Estimating
W ire  C h a m b e r C o s t  E s t im a t e

E l e c t r o n i c s M e c h a n i c a l Q t y U n i t  C o s t L a b o r T o t a l
P o w e r  S u p p lie s F r a m e s

L o w  V o lt a g e A lig n m e n t
H ig h  V o lt a g e W ir e  P la n e s
T h r e s h o ld W in d o w s

R e a d o u t C a b le  S u p p o r t
A m p / D is c R a c k s
T D C W ir e   
C r a t e G a s
C o n t r o lle r M ix in g

C a b le s M e t e r in g
S ig n a l S t o r a g e
H ig h  V o lt a g e C o n t r o l /  M o n it o r
L o w  V o lt a g e P lu m b in g
C o n t r o l S a fe t y
R e a d o u t H a z . G a s
T h r e s h o ld S ig n a g e
M is c H V  P r o t e c t io n

C o n n e c t o r s L V  P r o t e c t io n
L o w  V o lt a g e In t e r lo c k s
H ig h  V o lt a g e In s t a lla t io n
S ig n a l F ix t u r e s
L o g ic R ig g in g



Cost Estimate - 1st Pass
(no explicit labor included)

Cos t  Rollu p
1.0 .0 .0 Wire Cham ber Cost Framework $ 2 2 6,2 60
1.1 .0 .0 Ele ctronics $ 1 4 6,560
1.1 .1 .0 Powe r  Su pplie s $ 1 2 ,0 60
1.1 .2 .0 Re a dou t $ 1 2 8 ,50 0
1.1 .3 .0 Ca ble s  (t e rm in a t e d) $ 5,0 1 0
1.1 .4 .0 Con n e ct ors $ 9 9 0
1.2 .0 .0 Me chanical $ 7 9 ,7 0 0
1.2 .1 .0 Ch a m be rs $ 4 9 ,7 0 0
1.2 .2 .0 Ga s  Sys t e m $ 2 0 ,0 0 0
1.2 .3 .0 Sa fe t y $ 5 ,0 0 0
1.2 .4 .0 In s t a lla t ion $ 5 ,0 0 0



Conclusions

Performance requirements and material budget 
lead to the choice of a gas drift chamber.

SOS-style (stack-up) chamber design is known to 
meet the SHMS needs and is relatively easy to 
construct. Starting plans exist. Cost ~ ¼ $M.

To take advantage of the spectrometer and detector 
resolutions, the material budget must be strict and 
must be adhered to.
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